Abstract. We have developed a method for the isolation and growth of normal human gastric mucous epithelial cells using biopsies or surgically resected tissues as the source of the cells. The attachment and growth of cells were dependent upon: (1) cell planting density, N 50,000 cells/cm2; (2) extracellular matrix (fibronectin); and (3) and the use of a porous filter. In all experiments we found better cells attachment and growth of human gastric mucous cells isolated from surgical specimens compared with those gastric mucous cells isolated from gastric biopsies. The initial cell viability (as measured by Trypan-blue) was the same in both populations of gastric mucous epithelial cells isolated from either gastric biopsies or surgical specimens. After 4-5 days in culture one could detect various amounts of mucin in all the cells using either periodic acid Schiff (PAS) staining or a specific anti-mucin antibody. A similar pattern of much straining was also found in primary cultures of guinea pig gastric mucous epithelial cells. Immunohistochemical staining for chief cells (anti-pepsinogen) or parietal cells (anti-H+/K' ATPasc) in the gastric mucous cuboidal-like epithelial cells with tight junctions, desmosomes, short microvilli, a filamentous terminal web, mucous granules, and basal lamina-like structure. We could not detect the presence of fibroblasts during the 7-9 days that the primary cells were in culture. This cell culture method will prove useful in the isolation of normal human gastric mucous epithelial cells for in vitro studies of gastric mucosal injury and repair.
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Introduction
Several methods have been reported on the isolation of cells from the gastric mucosa of animals for cell culture [2, 4, 6, 8-l 1, 16, 19-21, 24, 25, 27, 29, 31, 36, 37,40,41] . However, the successful isolation and culture of human gastric mucous epithelial cells has been difficult because of the production of a mixed cells population [24] . One study has reported the culturing of human gastric parietal cells, but they noted extensive fibroblast overgrowth in this preparation [21] . Other investigators have also reported the isolation of human gastric epithelial cells from endoscopic biopsies for primary culture [37] . A major limitation, though, of using endoscopic biopsies is the lack of obtaining sufficient cell numbers for plating and use in multiple cell culture experiments. The MKN-28 human gastric epithelial cell line has been used in some experiments [28, 391 , but these cells are derived from gastric cancer cells and still possess tumor characteristics [ 1, 391 . Since the population of these studies, there have been several advances in the use of dissociation media, hormones, and extracellular matrixes for the isolation, and growth of epithelial cells. For example, we now know from other tissue studies that the successful growth and differentiation of epithelial cells is dependent upon cell planting density and the use of the appropriate media [7, 13, 15, 17, 341 . It is also widely recognized that most cells in vivo secrete endogenous growth factors in quantities sufficient to stimulate their own proliferation (autocrine proliferation) [3, 14, 18, 391 . These same phenomena are also likely to take place with cells in culture when the correct media conditions are present.
In the present study, we were particularly interested in developing a procedure for the isolation and culturing of human gastric mucous epithelial cells. It is the gastric mucous epithelial cell that is most involved in maintaining gastric mucosal barrier function [ 12, 14, 181 . We herein report a method using gastric surgical tissue and gastric biopsies for the isolation of viable human gastric mucous epithelial cells for primary cell culture. In some 1. Use standard sterilization techniques for all glassware, and media. Siliconize all glassware by adding 5 ml of siliconizing solution to each piece of glassware, parafilm the top of each, swirl the siliconizing solution to coat the inside of the glassware, then pour out the solution, and air dry. 2. Cell isolation media: To 473 ml of the DMEMHEPES media (Cat. No. 12430-021.y) add: a) Pencillinistreptomycin (reconstitute one bottle of pen/strep with 20 ml of the DMEM media); b) 125 pl of gentamicin (reconstituted stock = 50 mg/ml); c) 2 ml of fungizone; d) 10 ml of celox TCM supplement; e) 10 ml of MEM amino acids; f) 5 ml of BMEM of vitamin solution; g) 50 rig/ml of epidermal growth factor; 3. Complete media: All of the above ingredients are added to 423 ml of the various media (as outlined in Section 2-Bl, B2, B3, B4) including 50 ml of fetal bovine serum. 4. Cell isolation solutions: a) Collagenase solution: To a siliconized 125 ml screw-cap Erlenmeyer flask, add 20 ml of serum-free culture media, 20mg of Type-I collagenase, and 20 mg BSA powder. b) Iso-osmotic Percoli solution: To a 50 ml sterile Corning centrifuge tube, mix 36 ml of Percoll, with 4 ml of 10x Hank's balanced salt solution, and 1.6 ml of 0.1 N HCl (final osmolarity is 3 10 mosm/l, density of 1.125 g/ml, pH 7.4). B. Isolation of human gastric mucous epithelial cells Human tissue procurement: 1. Gastric tissue obtained from patients undergoing a routine endoscopic biopsy or surgical gastrectomy (the VA and OHSU Human Studies Subcommittee approved all experimental use of human tissue). 2. After the surgical resection, all tissues (-4cm') are placed in a 100 ml beaker containing 75 ml of 4 "C serum-free DMEM/ HEPES cell culture media. The same media is used for the gastric endoscopy samples. Place 4-6 pinch biopsies (-2mm2 from the same patient) intoa a 25 ml Erlenmeyer flask containing 15 ml of 4 "C serum-free media. 
4.

5.
Tissue samples are washed twice in serumfree media by placing the specimens in 50 ml conical tubes with 40 ml of serum-free media and spun at 50x g for 3 min. After washing, the resected stomach samples are pinned down (luminal side of tissue facing up) with 18-gauge needles in a 60 mm petri dish containing polymerized Sylgard. The epithelium is then removed from the underlying muscle layers by scraping the luminal surface of the tissue with a glass slide held at a 45" angle; use 2-3 glass slides for this procedure. Transfer the scraped tissue pieces to a new 60 mm Sylgard Petri dish and mince them using two straight-edge razor blades. Note, we do not remove the epithelium from the underlying muscle layers on the endoscopy samples because the samples are too small for handling. Wash the minced tissue samples three times at 100x g for 3 min in serum-free cell culture media. Put the pellets from the last wash step into a siliconized 125 ml screw-up Erlenmeyer flask containing 20 ml of serum-free culture media containing 20 mg/ml of Type-I collagenase with 0.1% bovine ablumin. Next, gas the flasks with 95%0,-5%CO, and put them into a 37 "C shaking water bath and gyrated at 120 oscillations/min. Incubate the surgical specimens for 45 min, and the gastric biopsy samples for 90 min. Remove the flasks every 15 min from the incubator and triturate the digestion mixture with a lOm1 pipette. Reoxygenate the flasks with 95%02-5%CO, and put back into the incubator. At the end of the final incubation period, pour the collagenase digestion mixture into a 50-ml syringe with an attached 15-gauge luerstub adapter. Push out the collagenase mixture from the syringe over a 200-pm mesh screen. Wash the mesh-filtered suspension twice in serum-free culture media at 100x g for 3 min. Resuspended the pellet in 15 ml of serum-free culture media, and take two 200 1.11 aliquots for cell counts in a Coulter counter. Resuspended this pellet in 2ml of PBS for use later in immuno-flourescence studies. Remove the rest of the Percoll gradient, and resuspended and wash the bottom pellet three times at 20x g for 3 min in serum-free cell culture media. The surgical gastric specimens yield -6-9 x lo6 gastric mucous epithelial cells, the guinea pig gastric specimens yield -3-6 x IO6 gastric mucous epithelial cells, and the gastric biopsy's u 2.5-4.0 x lo5 gastric mucous epithelial cells. 7. A cell viability assay was done after each cell isolation using the Trypan-blue dye exclusion technique. For these studies an aliquot of 0.2 ml gastric cell suspension was mixed with 0.3 ml Hank's solution and 0.5 ml of the 0.4% Trypan blue solution (1:5 dilution). The cell/dye suspension was then counted on a hemacytometer at five min after the addition of the Trypan blue. The '% cell viability' was determined as: total number of viable cells total number of stained and unstained cells x 100.
Cell plating: 1. Resuspended the enriched pellets of gastric mucous epithelial cells in different test culture media (Bl, B2, B3, B4; see above) with 10% serum. 2. Plate the cell suspensions at various densities (12,500-200,000 cells/cm') on Costar 24-multiwell dishes or on porous filters (see Section 2F.l-9). The porous filters were either uncoated or purchased with extracellular matrix coatings consisting of Type-IV collagen, fibronectin, Type-I collagen, Matrigel, and laminin. 3. For some experiments the uncoated filters were coated with 10 yg/ml/cm2 Type-I collagen, then coated at 10 pg/ml/cm2 with fibronectin. Measurement of cell growth: 1. At various times after cell plating, 0.25 ml of 2x trypsin/EDTA solution was added to each culture well or porous filter, followed twenty minutes later by 0.25 ml of cell culture media with serum to stop the trypsinization. Remove the trypsinized cell suspension and centrifuge it at 50x g for 3 min, and the pellet resuspended in 1 ml of PBS. 2. From the 1 ml suspension take 200 pl and add it to 20 ml of Hematall for cell counts using a Coulter counter with a multi-channel particle size analyzer. The remainder of the cell suspension is used to measure DNA fluorometrically with the Hoechst-3258 dye and a Hoefer mini-fluorometer. Calf thymus DNA is used to make the standard curve. C. Identification of mucin 1. Mucin PAS cytochemistry: Human and guinea pig intact stomach tissues are fixed in 3.7% formalin, paraffin-embedded, 4-5 micron sections cut, and deparaffinized.
Rinse the sections in PBS, oxidize them for 10 min in 1% periodic acid, rinse once in PBS, then add Schiff's reagent for 10 min. Remove the Schiff's reagent, then put the slides directly into three successive baths (-2 min each) of 0.52% NaHSO,). Rinse the sections for 10 min in PBS, counterstain with 0.01% Light-green solution, then cover-slipped with mounting media for microscopic visualization. The above procedure is also used for human and guinea pig gastric mucous cell cultures except the deparaffinization step.
Mucin immunohistochemistry:
Human and guinea pig gastric mucosae are fixed in 3.7% formalin and processed for paraffin sections as described above. Treat the sections with an anti-mucin antibody 16, 321, at dilutions of 1:50-1:200 for two hours at 24 "C. Wash the sections three times with PBS then add a peroxidase labeled goat-antirabbit antibody at a 1: 100 dilution for one hour at room temperature. Wash the slides three times with PBS, counterstain with 0.02% toluidine blue, then add mounting media and a cover-glass for microscopic visualization. The above protocol was also used for the human and guinea pig gastric mucous cell cultures without the deparaffinization step.
D. Epithelial markers and identification of cells
Human gastric mucous epithelial cells are plated on 24-multiwell dishes or filter inserts and allowed to grow for four days in culture. At the end of this time, the cultures are washed once with 24 "C PBS, and fixed for 5 min with 3.7% formalin. Remove the fixature and rinse the cultures three times with 24 "C PBS. The cultures are then exposed to 4 "C acetone fr 2.5 min, rinsed four times with 24 'C PBS for 10 min, then treated with an anti-cytokeratin [38] or antivimentin antibody at a dilution of 1: 100 for 30 min at 24 "C. Wash the cultures twice with PBS, then visualize the sections by the addition of a peroxidase-labeled anti-mouse antibody as described above. E. Identification of gastric cell type using immunofluorescence Human and guinea pig gastric glands, and human gastric mucous epithelial cell cultures (grown on Falcon filters) are fixed with 2.5% paraformaldehyde for 10 min. Rinse the cultures and glands three times with 24 "C PBS, permeabilize with 100% methanol for 1 min at 4 "C, wash three times with 24 "C PBS, then treat them with 0.1% triton-PBS for 3 min. Rinse the glands and cultures three times with 24 "C PBS. Incubate the glands and cultures with either a poyclonal antibody against human pepsinogen-II [3 1, 351, or a monoclonal antibody against the hog gastric H'/K'-ATPase [33] at a 1:75 dilution at 4 "C overnight in a humidified chamber. Fetal bovine serum or goat serum is used in place of the primary antibodies for negative controls. Wash three times with 24 "C PBS and incubate the cultures and glands with: (1) a rhodamine-labeled goat anti-rabbit IgG at a 1:40 dilution, or (2) a rhodamine-labeled goat anti-mouse total IgG at 1: 100 dilutions for 1 hour at 24 "C in a humidified chamber. Wash the cultures and glands three times with 24 "C PBS, then add a drop of FluoroSave and examine them with a Nikon inverted microscope using with epifluorescence. Table 1 . Before plating, the viability of the gastric mucous epithelial cells was checked using a Trypanblue dye solution. We found no significant difference (p > 0.05) in the viability of those gastric mucous epithelial cells isolated from biopsy specimens as compared to surgical tissues ( Table 2 ). The results of plating the gastric mucous epithelial cells at 100,000 cells/cm* on plastic culture dishes is shown in Figure 1 . We found media Formulation 2 gave the best results as to the number of viable cells attached after 48 hours ( Figure 1 ). We also found a greater growth in all of the media with cells isolated from surgical specimens compared with those cells isolated from gastric biopsies (Figure 1 ). We also examined the initial cell plating density and how it affects the rate of cell growth. As shown in Figure 2 , a significant difference was found in the plating efficiency The reported pH measurements were determined after 24 hours equilibration in the %CO, indicated above using 2ml of media/well in 6-multiwell dishes within the same area of the incubator. It should be noted that a 25 mM HEPES buffer with no bicarbonate equilibrated with 5% CO, gave us a pH of 6.96 + 0.02. N is the number of individual pH experiments performed in triplicate using the above media formulations. between mucous epithelial cells isolated from gastric biopsies and those obtained from surgical specimens. The optimal plating density for gastric mucous epithelial cells isolated from biopsy and surgical tissue was -100,000 cells/cm' and -50,000 cells/ cm', respectively. Cell attachment and growth were also assayed using five different matrix factors: (1) fibronectin; (2) Matrigel; (3) Type-IV collagen; (4) Type-I collagen; (5) laminin. For gastric mucous epithelial cells isolated from surgical specimens, we found that fibronectin > Type-I collagen > plastic > laminin in the number of attached gastric mucous epithelial cells was the preferred matrix pattern (Figure 3) . A similar pattern of gastric cell attachment was also found when the cells were plated under serum-free conditions (data not shown). We also found more growth Figure 3 . A graph showing the attachment and growth of human gastric mucous epithelial cells obtained from surgical tissue using four different matrix factors. The * denotes that the surgical specimen cell counts were significantly different @ < 0.05) from the biopsy specimen cell counts within each matrix category. Each point is the mean k SEM. N = 9, which is the number of separate individual cell isolations, with each experimental point done in triplicate.
from those gastric mucous epithelial cells isolated from surgical specimens compared with cells isolated from the gastric biopsies ( Figure 3 ). We should note that both Matrigel and Type-IV collagen promoted no growth of gastric mucous epithelial cells isolated from either the surgical or biopsy specimens when plated under serum or serum-free conditions (unpublished observations). Our next objective was to find out the attachment ability of the cells to various cell culture inserts. Using gastric mucous epithelial cells isolated from surgical specimens, we found that Falcon, Costar, and Anotec uncoated porous filters were similar in cell attachment and doubling times for these cells (Table  3 ). The one exception in this category was the uncoated Millipore-CM insert, where very few cells were found attached after four days in culture (Table  3) . When we coated the Falcon, Costar, and Anotec porous filters with fibronectin, we found cell attachment and doubling times were nearly identical ( Table  3 ). The attachment and doubling time also increased for fibronectin-coated Millipore CM inserts, but were still less than the other fibronectin-coated filters (Table 3) . Of the commercially available filter inserts tested, we found the uncoated or fibronectin-coated Falcon inserts produced the maximal growth rate. Similar qualitative results were also obtained using cells isolated from gastric biopsy samples, but the low cellular yield from these tissue samples did not allow us to do as many replicates of these experiments as reported above with the cells isolated from surgical specimens (data not shown).
Morphology: cytokeratin, vimentin, PAS and mucin histochemistry
At the light microscopic level, gastric mucous epithelial cells cultured on fibronectin-coated filters had tightly packed colonies of PAS-positive, polygonalshaped cells producing a 'cobblestone' appearance ( Figure 4A ). We found that all cells in the monolayer stained positively for the epithelial marker cytokeratin ( Figure 4B) , and negative for the fibroblast marker vimentin ( Figure 4C ). To characterize the identity of our cultures further, we used three standard gastric epithelial markers: (1) an anti-mucin antibody for mucous cells; (2) an anti-H+/K'ATPase for parietal cells; and (3) an anti-pepsinogen antibody for chief cells. With the anti-mucin antibody, we found positive immunoreactivity in gastric surface and mucous neck epithelial cells in paraffin sections of guinea pig ( Figure 5A , B) and human ( Figure 5C , D) gastric mucosae. We could also detect positive immunoreactivity with the anti-mucin antibody in both the guinea pig ( Figure 6A ) and human ( Figure  6C ) gastric mucous epithelial cells cultures. We could see no positive immunostaining in the cultured cells without the primary antibody ( Figure 6B, D) . Using the anti-H'/K'-ATPase antibody, or the anti-pepsinogen antibody, we could clearly identify positive immunostaining in parietal ( Figure 7B ) and chief ( Figure 7C ) cells, respectively. However, in the human gastric mucous epithelial cell cultures, we found no immunofluorescence with either the anti-H+/K'-ATPase antibody ( Figure 7E ) or the antipepsinogen antibody ( Figure 7F ). These results suggest the absence of parietal and chief cells in our cell cultures.
Morphology: electron microscopy A representative low power electron-micrograph of a human gastric mucous epithelial cell culture grown on a fibronectin-coated Falcon filter ( Figure 8A) . We found the cell culture monolayers to consist of a single layer of polarized cuboidal epithelial cells with apically located mucous granules, short apical microvilli, and tight junctions in these cultures ( Figure 8B ). We could positively identify these apically located granules as containing mucin when we treated the cultures with HJO, with TCH and osmium for the electrochemical identification of mucin ( Figure 9 ). In many cuhures we could also identify a basal lamina-like structure, microfilaments associated with apical microvilli, and tight junctions ( Figure 9 ). Fibronectin coated cell culture inserts (Falcon) were used in these studies. N is the total number of filters divided by the total number of individual cell isolations. 
Final culture conditions
We found that gastric mucous epithelial cells isolated from surgical specimens were twice as likely to attach, grow, and form monolayers as compared with cells isolated and cultured from human gastric biopsy specimens. A specific explanation for this difference was not readily apparent from our experiments. However, before being placed in the cell isolation media, we always stripped the surgical tissues of their underlying smooth muscle layers. This procedure was not possible with the gastric biopsies. We now know that removal of the underlying muscle layer is critical in preventing mid-zone necrosis of gastric tissue [30] . The gastric biopsies used for our studies were taken with the smaller 'pinch-biopsy' forceps. This procedure may cause more trauma to the smaller stomach sample as compared to a larger piece of surgically resected tissue. Additional factors to account for the difference in cell growth between the two types of tissue specimens is the collagenase digestion procedure. With the surgical specimens we could scrape off the epithelial layer with a glass slide and then continue to mince the epithelial sheet before the collagenase digestion step. This ability to separate the epithelium from the underlying muscle layers was not possible with the smaller gastric biopsy samples. Instead, the biopsies were placed intact in the collagenase digestion media. With the surgical specimens, the collagenase enzymes have greater access to several areas of the minced tissue which is likely to result in the isolation of a greater number of cells. The combination of a porous filter coated with fibronectin increased the rate of attachment and growth of the gastric mucous epithelial cells. Of the matrix factors tested in this study, fibronectin was found to produce the best attachment, growth, and monolayer formation of human gastric mucous cells. Many authors have reported that fibronectin or collagen are good substrates for cell attachment in a variety of cultured gastric cells. These include guinea pig gastric mucous epithelial cells [27] , rat gastric mucous epithelial cells [ 11, 361 , fetal rabbit gastric epithelial cells [19] , gastric chief cells [l, 81, and gastric parietal cells [9] . These effects are likely the result of the culture media having access to luminal and basolateral cell surfaces which is important for optimal epithelial cell growth and differentiation [7, 13, 151 . Also, one cannot underestimate the effects of other subtle factors on cell proliferation such as media pH which has been shown to have an effect on colon carcinoma cell growth [5] .
In characterizing our cultures we found granules within the cells that stained positive for mucin and with an ultrastructure similar to mucous granules.
These data are similar to well-characterized animal model systems of cultured canine gastric mucous epithelial cells [6, 321 , hog gastric mucous cells [4] , and guinea pig gastric mucous cells [4, 27, 291. Electron microscopic analysis of the cultures also found the gastric mucous epithelial cells to be polarized, with apical microvilli and tight junctions. In summary, the protocol presented in our study provides a method toward obtaining large quantities of viable human gastric mucous epithelial cells for additional studies in gastric cell biology.
